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SUMMARY 
The high energy wheel/rail impact forces arising from defects such as poorly aligned welds in rails can in 
time cause serious defects in track components and deterioration of geometry. Suitable weld straightening 
operations improve the matter but there is uncertainty about the longevity of the effect and about what 
degree of misalignment (dip or peak) warrants straightening. Three 2km long test sections were established 
on the Mt Isa Line in Queensland to evaluate the effectiveness of weld straightening operations. Each 
section received different levels of intervention to correct the welds and over 15,000 measurements of weld 
alignment were recorded and analysed over the life of the project. For welds with a dip less than 0.3mm, 
straightening produced no improvement. Cycle tamping produced an improvement in the alignment of 
dipped welds but cycle grinding produced a slight worsening of dipped welds. After approximately 4 million 
gross tonnes of traffic the straightened welds appeared to remain unaltered by and large; those welds which 
received no straightening showed a minor worsening of both dipped and peaked welds due to the traffic. 
 
 
1. INTRODUCTION 
High energy impact forces are generated when 
wheels pass over rail surface defects. Continuous 
welded rail (CWR) has reduced the high 
maintenance requirements associated with jointed 
track, but welds are often not aligned perfectly. 
The forces arising from poorly aligned welds can in 
time create continuous rail defects, loosening of 
fastenings, abrasion and skewing of sleepers, 
crushing of ballast and loss of formation geometry. 
Badly misaligned (ie dipped or peaked) welds 
should be recognised as severe track irregularities 
that need to be identified and removed – see 
Figure 1. 
Weld can become defective in numerous ways 
such as: manufacturing processes where the weld 
alignment is not correct to begin with; 
manufacturing processes where following the 
welding the areas is ground while the steel has not 
satisfactorily cooled; and high volume of traffic 
giving constant impacts at the weld which will 
induce work hardening and plastic deformation in 
the rail running surface. 
Current maintenance activities such as tamping 
and cycle grinding seem to have little or short-lived 
effect on reducing misalignment of welds in track. 
 
Figure 1. Dipped Welds 
However, suitable weld straightening operations 
may solve the problem but there is uncertainty 
about how long-term the effect is and about how 
severe misalignments should become before 
welds need to be straightened. 
2. PREVIOUS WORK 
Train speeds and axle loads have been increasing 
inexorably, especially over the past 20 years, so 
the presence of dipped or peaked welds has 
become an important maintenance issue. 
Misaligned welds can cause the unsprung mass of 
bogies to bounce significantly, leading to large 
wheel/rail impact forces and consequent damage 
to rollingstock and track [1]. In addition, the noise 
arising from these actions is an environmental 
problem of growing concern that has called for 
legislation regarding acceptable noise levels [2]. In 
order to mitigate impact forces on track, the 
National Code of Practice [3] specifies a maximum 
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allowable degree of misalignment in existing 
dipped welds of 2mm over a 1m reference length 
(see Figure 3).  
The severity of impact loading depends on the 
severity of the rail surface irregularity.  In most 
cases, welds that are slightly peaked at installation 
develop localised batter and spalling in the heat 
affected zone.  However, the dynamic forces from 
these welds can cause deterioration of the track 
down stream from the weld.  Dipped welds perform 
differently; the constant pounding of the wheel-
sets create localised track degradation, leading to 
ballast breakdown near a dipped weld.  This will 
then result into the loss of track geometry in the 
form of bad top-and-line and consequent increase 
in impact force [4]. Tamping of the track can 
reduce the effect of defects by restoring good 
vertical alignment of the rail running surface (top). 
However, the effect of tamping on misaligned 
welds seems at best to be temporary [5] – see 
Figure 2.  
 
Figure 2. Weld shapes pre and post tamping [5] 
 
A rigorous study of the efficacy of weld rectification 
measures is clearly needed. The study needs to: 
• address the effectiveness of various standard 
maintenance practices on misaligned welds; 
• address the immediate and longer term 
effectiveness of direct weld straightening; 
• help clarify when it is worthwhile to correct a 
misalignment or cut it out of the rail. 
3. TEST SECTIONS 
A section of track on the Mt Isa line in 
Queensland, Australia was selected for this study. 
The Mt Isa line is fully operational system carrying 
mixed freight and passenger services and is 
owned by Queensland Rail (QR).  The system 
starts at Stuart on the North Coast Line, 10 km 
south of Townsville, and services the industrial 
and rural communities of North West Queensland 
with all train being hauled by diesel electric 
locomotives. This single line track carries all types 
of traffic (passenger, freight and mineral) having 
different traffic tasks.  Its track structure varies 
considerably from one end of the line to the other.  
Due to increases in traffic tasks and speed, 
together with the very harsh environmental 
conditions of the region, the track has sustained 
considerable degradation especially in the 
sections with 41kg rail. In order to extend the life of 
the 41kg rail, misaligned welds over approximately 
100km of track between Julia Creek and 
Richmond were straightened in July/August 2003. 
A 6km portion of the straightened track at a 
location around 580km from Townsville was 
chosen for the study; this test section had 1200 
welds of which roughly half were straightened. 
Table 1 below shows the breakdown of 
straightening and maintenance measures on each 
1km long division of the 6km test section. 
 
Division 
of Test 
Section 
(each 
1km long) 
Weld straightening 
performed 
Regular 
Maintenance 
activities 
1a All dipped+ and 
peaked+ welds 
straightened 
Tamping 
(twice*). 
1b All dipped+ and 
peaked+ welds 
straightened 
Tamping 
(twice*), rail 
grinding. 
2a Dipped+ & peaked+ 
welds ≥0.3mm 
straightened 
Tamping 
(twice*), rail 
grinding 
2b Dipped+ & peaked+ 
welds ≥0.3mm 
straightened 
Tamping 
(twice*) 
3a No welds 
straightened 
Tamping 
(once) 
3b No welds 
straightened 
Tamping 
(once), rail 
grinding 
Table 1. Details of Test Section Divisions 
* tamping occurred before and after straightening of the 
welds except in division 3a,b where it was conducted only 
before straightening – see Table 2 for timelines; 
+ see Figure 3 for definition of dipped weld. 
The degree of dip or peak to a misaligned weld 
was measured using both 1m and 1.5 m steel 
calibrated straightedges. The centre of the 
straightedge was positioned above the centre of 
the weld, and any gap between the rail and the 
straightedge measured with a taper gauge; this 
was deemed a dipped weld, as shown in Figure 3. 
If there was no gap then the weld was deemed 
either flat or peaked. If the weld was peaked, then 
the straightedge was moved so that one end of it 
rested on the rail, and the vertical gap between the 
other end and the rail was measured with a taper 
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gauge; this reading was then converted into an 
amount of peak at the centre of the weld. 
 
Figure 3. Measurement of Dip in Weld 
Where welds were straightened within the test 
section, the work was conducted by Harsco Track 
Technology Ltd as part of a larger straightening 
contract with QR, on the Mt Isa line. Harsco used 
a RASTIC rail straightening machine which clamps 
onto the rail head at two points, and then lifts the 
rail by a central hydraulic ram clamped to the rail 
head. All rectified welds are left in an initial peaked 
state after straightening. Hand grinding is then 
applied to remove the peak. 
Over the space of the study 15000 readings of 
weld misalignment were taken in this way. Table 2 
lists the dates at which measurements and 
maintenance activities took place. 
Date Activity 
Early July 
03 
Tamping, divisions 1a, 1b, 2a, 2b 
Mid July 
2003 
Measurements of weld misalignment, 
all divisions. 
Late July 
03 
Tamping, divisions 3a, 3b 
Early 
Aug. 03 
Straightening, divisions 1a, 1b, 2a, 
2b 
Mid Aug. 
03 
Measurements of weld misalignment, 
divisions 1a, 1b, 2a, 2b 
Early 
Sept. 03 
Tamping, divisions 1a, 1b, 2a, 2b 
Mid Sept. 
03 
Measurements of weld misalignment, 
all divisions. 
Late 
Sept. 03 
Rail grinding, divisions 1b, 2a, 3b 
Late 
Sept. 03 
Measurements of weld misalignment, 
divisions 1b, 2a, 3b. 
Late 
March 04 
Measurements of weld misalignment, 
all divisions. 
Table 2. Dates of Measurements and 
Maintenance 
In order to minimise temperature effects, the 
readings were all taken at about the same time 
each day, though seasonal changes may have an 
effect due to the long term nature of the study. 
Temperature readings of the rail were not taken. 
Because very small gaps were being measured, of 
tenths of a mm, a check was done on the reliability 
of the measurements. During one of the sets of 
measurements, 50 individual welds were 
measured in a single run, and then the same 50 
re-measured straight away in a second run. The 
correlation coefficient, for a least-squared analysis 
comparing the two runs, was 0.93; this is an 
excellent correlation, showing minimal variation 
due in any part to the measurer. 
4. RESULTS 
4.1 Tamping 
Divisions 1a,b of the test section had all welds 
rectified while divisions 3a,b had none rectified. 
Consequently, the effect of tamping and grinding 
can most easily be deduced from the 
measurements of weld misalignment within those 
divisions. Figure 4 shows how the simple mean of 
the measurements of misalignment varied in 
divisions 1, 2 and 3. Now, only welds that were 
dipped at the time of measurement are included in 
Fig.4 so the results are only indicative and suggest 
larger mean dips than if all welds were included. 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Mean of Weld Dips, Divs.1, 2 & 3 
From Table 2, division 3 (upper line in Fig.4) was 
tamped between July and September 2003. Fig.4 
shows that this round of tamping may have caused 
a significant drop in the mean dip of misaligned 
welds in division 3. Divisions 1 and 2 were tamped 
before the first set of measurements in July 2003, 
which may explain the low initial value of mean dip 
for those divisions in Fig.4. All dipped welds in 
division 1 and most in division 2 were straightened 
in August 2003, as shown by the drop in mean dip 
for those divisions in that month in Fig.4. 
4.2 Grinding. 
During the rectification of both dipped and peaked 
welds, hand held grinding of the rail head was 
conducted very close to the weld. However, as 
listed in Table 2, profile grinding of 1km lengths of 
rail head in the test section was conducted by a 
large production commercial grinding machine. 
This process is known as “cycle grinding” and is 
an important and regular aspect of programmed 
maintenance on the Mt Isa line, as it is indeed on 
all well-trafficked lines around the country. Table 3 
shows the effect of this cycle grinding on the 
means of misaligned welds that were dipped or 
peaked at the time of a given measurement. 
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Mean value, 
before cycle 
grinding, mid 
Sept.2003 
Mean value,     
after cycle 
grinding, late 
Sept.2003 
Division 
Dip Peak Dip Peak 
1b .255mm .158mm .247mm .153mm 
2a .187mm .186mm .290mm .147mm 
3b .397mm .275mm .490mm .232mm 
Table 3. Mean of Weld Dips and Peaks Before 
and After Cycle Grinding 
Table 3 suggests that cycle grinding generally 
reduces the magnitude of peaked welds, which is 
not unexpected. However, Table 3 also shows that 
cycle grinding may have caused an overall 
worsening of the misalignment for dipped welds in 
two out of the three divisions ground.  
The principal aim of cycle grinding is to remove 
continuous rail defects, minor rail surface defects 
and establish an effective contact band between 
wheels and rail by profiling the rail head. For cycle 
grinding to become effective at removing poor 
welds in conjunction with straightening, further 
investigation is needed.  
4.3 Effects of Weld Straightening. 
In Figure 4 a comparison can be made between 
the history of the means of dipped weld 
measurements for divisions 1 and 2. In division 1 
all dipped welds were straightened, whereas in 
division 2 only welds initially dipped more than 
0.3mm were straightened.  
For only the months of July and August in Fig.4 
when straightening occurred, divisions 1 and 2 
show the same mean dips before and after 
straightening. It may be, therefore, that there is no 
advantage in straightening welds < 0.3mm dip.  
However, the data in Fig.4 are just simple means 
of only those welds that were found to be 
misaligned at the time a given measurement was 
taken. A better picture of the efficacy of 
intervention measures is to track the history of all 
straightened welds. To illustrate, all such welds in 
division 2 were grouped according to their degree 
of misalignment in each set of measurements 
irrespective of whether they were still misaligned 
or not. The histograms that result from these 
groupings are shown in Fig.5; note that the vertical 
axis shows simply the number of welds in a band. 
The vertical bars in Fig.5 nearest the front of the 
graph represent the distributions of peaks and dips 
of the welds in division 2 in July 2003 which were 
eventually straightened (i.e. corrected). Those 
particular welds were tracked over the following 7 
months. The distribution of misalignments in those 
welds in August 2003 is shown in the darker set of 
bars just behind the first set. The other two sets of 
bars show the distribution in September 2003 and, 
at the back of Fig.5, the distribution in March 2004. 
It is clear from Fig.5 that straightening operations 
pushed the distributions of misalignments towards 
the positive (peaked) side of the graph. The vast 
majority of welds were left flat after straightening or 
became small peaks; only a few slightly misaligned 
welds remained dipped.  
Tamping of division 2 occurred in September 2003 
which was after the measurements represented by 
the darker second set of bars in Fig.5, but before 
the lighter third set of bars behind. However 
there’s almost no difference between those two 
distributions. It is apparent therefore that tamping 
works undertaken following straightening have little 
effect on the state of the welds, although it was 
shown earlier that tamping did have a significant 
effect on welds not straightened.  
   
Figure 5. Distribution of Dipped and Peaked Welds With Time 
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About 90% of the welds in the test section were 
alumino-thermic welds, 10% were flash-butt. It was 
felt that the number of flash-butt welds was not 
significant enough in each division to give 
statistical validity to any conclusion about the 
difference between the two types of weld. 
However, for the flash-butt welds that were there, 
no marked difference was noted in their behaviour 
compared to the alumino-thermic ones. 
An effect of this program of weld rectification 
should be an improvement in ride quality but this 
effect was not measured in this study. However, 
an extension of this project is being undertaken at 
the time of writing this paper in which track 
condition indices are being examined before and 
after straightening; the purpose is to quantify the 
effect of straightening on track roughness and the 
need for ballast tamping. 
Concern is sometimes expressed over the 
possibility of straightened welds recovering some 
of their misalignment over time, due to the so-
called Bauschinger [6] effect or “rail weld memory”. 
Now, the duration of time between the second set 
of bars in Fig.5 and the fourth (rearmost) set is 
approximately 8 months, in which about 4 million 
gross tonnes of traffic passed over division 2. The 
similarity between those two sets of bars means 
that the distribution of misalignments in the 
straightened welds was virtually unaffected by that 
traffic. Although the amount of time and traffic 
between the two sets of data are not large, 
nonetheless they suggest that the effects of 
straightening may be maintained for a 
considerable period.  
CONCLUSIONS 
The paper has described a study of the efficacy of 
track tamping, rail head grinding, and weld 
straightening on the rectification of misaligned 
welds in continuously welded rails. Straightening of 
the welds produced a track with welds less than 
about ±0.4mm misalignment from flat rail. 
Measurements over a period of 8 months of traffic 
showed no obvious deterioration of the welds with 
time.  
Cycle tamping without any other intervention 
seemed to reduce the degree of dip in welds, but 
other work shows the limited longevity of this 
effect. Tamping after straightening had little effect 
on the misalignment of welds. Programmed cycle 
grinding of the rail head produced a small 
reduction in the magnitude of peaked welds but 
some deterioration of dipped welds. 
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